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1. 

METHOD FOR PREDCTING 
PERFORMANCE OF A FUTURE PRODUCT 

TECHNICAL FIELD 

This disclosure relates generally to a method for predict 
ing performance, and more particularly, to a method for 
predicting performance of a future product prior to produc 
tion or market introduction. 

BACKGROUND 

The introduction of a product into a production environ 
ment or the marketplace may be accompanied by technical 
difficulties that are addressed during the life of the product. 
These technical difficulties may include, for example, prob 
lems associated with an incorrect production process, a poor 
material selection, an improper design choice, an application 
oversight, or other such technical difficulties. The number 
and magnitude of technical difficulties may directly affect 
the amount of warranty dollars spent by a manufacturer to 
correct the technical difficulties after production has begun 
and may factor into the profit margin associated with the 
product. If the technical difficulties can be predicted before 
the product is available to the end customer, it may be 
possible to reduce the likelihood or severity of the technical 
difficulties and the associated warranty costs. 
One method that has been developed for predicting reli 

ability is described in U.S. Patent Publication No. 2003/ 
0171897 (the 897 publication) of Bieda etal printed on Sep. 
11, 2003. The 897 publication describes a method that 
includes the collection of product performance data, the 
determination of the failure mode of detected product fail 
ures, and the completion of a Failure Mode and Effects 
Analysis (FMEA). The FMEA is used to determine a sever 
ity and a frequency of occurrence of the failure. The severity 
and frequency are then ranked with different ranking values. 
An initial risk assessment of each failure is calculated as the 
product of the ranked severity value and the selected ranked 
frequency of occurrence of the failure. Failures exceeding a 
threshold preliminary risk assessment are subject to a root 
cause product failure analysis. A corrective action for the 
root cause of failure is then determined, and a final risk 
assessment for each corrective action is generated. 

Although the system of the 897 publication may help in 
determining already-occurring failures and the associated 
severity of the failures, it may do little to predict failures in 
a future product before the product reaches the marketplace. 
In particular, because the system of the 897 publication uses 
current product data to generate corrective actions appli 
cable to the current product, it may be inapplicable to a 
future product that has not yet experienced failure. 

Further, the system of the 897 publication may lack 
calibration. In particular, because the severity, frequency of 
occurrence, and risk assessment values are not correlated to 
actual historical trends, there is no way to ensure the 
accuracy or repeatability of the prediction method. Simi 
larly, the system of the 897 publication does not use 
historical data to predict warranty costs associated with 
predicted reliability and quality. 
The method of the present disclosure is directed towards 

overcoming one or more of the problems as set forth above. 

SUMMARY OF THE INVENTION 

In accordance with one aspect, the present disclosure is 
directed toward a method of predicting performance of a 
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2 
future product. The method includes generating historical 
data for at least one product and generating a Failure Mode 
and Effects Analysis (FMEA) for the at least one product. 
The method also includes determining a relationship 
between an FMEA indicator of the FMEA generated for the 
at least one product and the historical data for the at least one 
product. The method further includes generating an FMEA 
for the future product and applying the determined relation 
ship to the FMEA indicator from the FMEA generated for 
the future product to predict performance for the future 
product. 

According to another aspect, the present disclosure is 
directed toward a computer system having a console, at least 
one input device, and a central processing unit. The central 
processing unit is configured to receive historical data for at 
least one product and to receive a completed Failure Mode 
and Effects Analysis (FMEA) for the at least one product. 
The central processing unit is also configured to determine 
a relationship between an FMEA indicator of the FMEA 
generated for the at least one product and the historical data 
for the at least one product. The central processing unit is 
further configured to receive a completed FMEA for a future 
product and to apply the determined relationship to the 
FMEA indicator from the FMEA generated for the future 
product to predict performance for the future product. 

In accordance with yet another aspect, the present disclo 
sure is directed toward a computer readable medium for use 
on a computer system. The computer readable medium has 
computer executable instructions for performing a method 
including receiving historical data for at least one product. 
The method also includes receiving a Failure Mode and 
Effects Analysis (FMEA) for the at least one product and 
determining a relationship between an FMEA indicator of 
the FMEA generated for the at least one product and the 
historical data for the at least one product. The method 
further includes receiving an FMEA for a future product and 
applying the determined relationship to the FMEA indicator 
from the FMEA generated for the future product to predict 
performance for the future product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block illustration of an exemplary disclosed 
computer system; 

FIG. 2 is a flowchart illustration of an exemplary dis 
closed method; and 

FIG. 3 is a flowchart illustration of another exemplary 
disclosed method. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a computer system 28 for predicting 
performance of a future product. For the purposes of this 
disclosure, performance may be related to quality, reliability, 
safety, or another similar measure. Computer system 28 may 
include a central processing unit (CPU) 30, a random access 
memory (RAM) 32, a read-only memory (ROM) 34, a 
console 36, an input device 38, a network interface 40, at 
least one database 42, and a storage 44. It is contemplated 
that computer system 28 may include additional, fewer, 
and/or different components than what is listed above. It is 
understood that the type and number of listed devices are 
exemplary only and not intended to be limiting. 
CPU 30 may execute sequences of computer program 

instructions to perform various processes that will be 
explained below. The computer program instructions may be 
loaded into RAM 32 for execution by CPU 30 from ROM 
34. 
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Storage 44 may be an appropriate type of mass storage 
provided to store information that CPU 30 may need to 
perform the processes. For example, storage 44 may include 
one or more hard disk devices, optical disk devices, or other 
storage devices to provide storage space. 
Computer system 28 may interface with a user via console 

36, input device 38, and network interface 40. In particular, 
console 36 may provide a graphics user interface (GUI) to 
display information to users of computer system 28. Console 
36 may be any appropriate type of computer display device 
or computer monitor. Input device 38 may be provided for 
users to input information into computer system 28. Input 
device 38 may include, for example, a keyboard, a mouse, 
or other optical or wireless computer input devices. Further, 
network interface 40 may provide communication connec 
tions such that computer system 28 may be accessed 
remotely through computer networks. 

Database 42 may contain model data and other informa 
tion related to data records under analysis. Database 42 may 
also include analysis tools for analyzing the information 
within database 42. CPU 30 may use database 42 to deter 
mine historical relations or trends relating to quality infor 
mation, reliability information, warranty information, and 
other such pieces of information. 

FIG. 2 illustrates a flow chart 46 depicting an exemplary 
method that utilizes computer system 28 to predict perfor 
mance of a future product. It is contemplated that the method 
may alternatively be implemented manually without the use 
of computer system 28. As indicated in FIG. 2, the first step 
after start (step 48) of the method may include completing 
an FMEA for a current product (step 50). For the purposes 
of this disclosure, a future product may include, among other 
things, a product designed to replace a currently offered 
product (“current product”), or a new product having tech 
nologies not available in the currently offered product. 

For the purposes of this disclosure, an FMEA may be 
described as a series of outlined steps that may be followed 
to determine and evaluate potential failure modes of a 
product and effects associated with a failure. The steps may 
include, among other things, identifying potential modes in 
which a particular product could fail to meet predetermined 
requirements, identifying the effects of the failure on the end 
customer, ranking the severity of the failure effects, identi 
fying the likely causes of the failures, and ranking the 
occurrence or likelihood that the cause of failure will occur. 
A Design FMEA (DFMEA) may be an FMEA completed by 
design-responsible engineers with the specific goal of 
increasing the robustness of design, thereby improving the 
reliability of a product. A Process FMEA (PFMEA) may be 
an FMEA completed by manufacturing-responsible engi 
neers with the specific goal of increasing the robustness of 
manufacturing or assembly, thereby improving the quality of 
a product. Although the general term FMEA may be used 
through this disclosure, it is understood that a DFMEA or 
PFMEA may be substituted, if desired. 

To complete the FMEA for the current product, a list of 
potential modes of failure for each subsystem of the current 
product and the associated effects of the failures may be 
generated. A severity for each failure may then be ranked, a 
list of potential causes of the failure generated, and the 
likelihood of the potential causes occurring ranked. 
Once the potential causes have been ranked according to 

the occurrence indicator, the root mean square (rms) of the 
occurrence values may be calculated (step 52). The rms is 
the square root of the average of the squares of the set of 
occurrence values generated in the FMEA described above. 
The rms may be used to measure a magnitude of the set of 
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4 
occurrence values. It is contemplated that additional or 
different calculations may alternatively be performed to the 
occurrence values from the FMEA to indicate the magnitude 
of the set of the occurrence values and/or that the rms may 
be calculated from an FMEA indicator other than occurrence 
Such as, for example, severity. 

Historical data for each of the subsystems of the current 
product may be manipulated to create information used in 
the calculation of FMEA Correlation Parameters. For 
example, reliability measures such as Dealer Repair Fre 
quency (DRF), quality measures such as Defects Per Million 
(DPM), or other such measures may be accumulated for the 
subsystems of the current product over a predetermined 
period of time. These measures may then be used along with 
the rms values determined above to generate FMEA Corre 
lation Parameters according to Eq. 1 below (step 54): 

DRFsubsystein (Current product) Eq. 1 
FMEACorrelation Parameter = 

DRFproduct (Current product) 

TISOccurrence Subsystem FMEA (Current product) 

wherein: 

DRFssen (c. etc.) is the DRF of a single 
Subsystem of the current product; 
DRF, (c., is the sum of the DRF values 

of all of the subsystems of the current product; and 
TllSoccurrence Subsystem FMEA (Current product) is the rms 
value calculated from the occurrence indicator val 
ues of the FMEA performed for the current product. 

It is contemplated that the FMEA Correlation Parameters 
may alternatively be calculated as a different function of 
historical information and FMEA indicators than that 
depicted in Eq. 1 above. 
The FMEA Correlation Parameters may then be graphi 

cally displayed, tabulated, or otherwise manipulated in 
preparation for trend analysis. Trend analysis may be per 
formed on the set of FMEA Correlation Parameters (step 56) 
to determine a general direction or inclination in which the 
information for the current product moves over the prede 
termined time period. Trend analysis may include, among 
other things, regression analysis, impartial regression analy 
sis, Bayesian line fitting, or other statistical line-fitting 
methods known in the art. The goal of trend analysis may be 
to determine a function and the values of parameters for that 
function that cause the function to best fit the FMEA 
Correlation Parameters. The function may then be used to 
determine the accuracy of the FMEA Correlation Parameter 
and/or to offset the FMEA Correlation Parameter, if desired. 
An FMEA for a future product may be completed at any 

time during the first half of the prediction process (step 58). 
For example, the FMEA for the future product may be 
completed before or after any one of steps 50–56. To 
complete the FMEA for the future product, a list of potential 
modes of failure for each subsystem of the future product 
and the associated effects of the failures may be generated. 
A severity for each failure may then be ranked, a list of 
potential causes of the failures generated, and the likelihood 
of the potential causes occurring ranked. 
Once the potential causes associated with the occurrence 

indicator have been ranked, the rms of the ranked occurrence 
values may be calculated (step 60). The rms may be used to 
measure a magnitude of the set of occurrence values gen 
erated during the FMEA of the future product. It is contem 
plated that additional or different calculations may alterna 
tively be performed to the occurrence values from the 
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FMEA to indicate the magnitude of the occurrence numbers 
and/or that the rms may be calculated from an FMEA 
indicator other than occurrence Such as, for example, sever 
ity. 
Once the rms values for the future product have been 

generated, the FMEA Correlation Parameters may be used to 
predict performance for the future product. Specifically, 
after having been checked for accuracy and/or offset during 
step 56, the FMEA correlation parameters determined 
through step 54 may be applied to the rms values for the 
future product according to Eq. 2 below to generate predic 
tions for Subsystems of the future product corresponding to 
the measures originally used to calculate the FMEA Corre 
lation Parameters (step 62): 

Corrected FMEACorrelation Parameter X Ed: 2 
DRFproduct (Current product) 

DRFsubsystem (Future product) 
TIllSOccurrenceSubsystem FMEA (Future product) 

wherein: 
Corrected FMEA, is the FMEA Cor 

relation Parameter corrected for accuracy during step 
56; 
DRF, ca is the Sum of the DRF values 

of all of the subsystems of the current product; and 
TllSoccurrence Subsystem FMEA (Future product) is the rms 
value calculated from the occurrence indicator val 
ues of the FMEA performed for the future product. 

For example, if DRF was used to determine the FMEA 
Correlation Parameters, the FMEA Correlation Parameters 
may be applied to rms values of the future product to 
generate DRF predictions for the subsystems of the future 
product. Similarly, if DPM was used to determine the FMEA 
Correlation Parameters, the FMEA Correlation Parameters 
may be applied to rms values of the future product to 
generate DPM predictions for the subsystems of the future 
product. 

It is contemplated that the performance predictions may 
be generated without completion of step 56, if desired, 
according to Eq. 3 below: 

Eq. 3 InSoccurrence Subsystem FMEA (predecessor) X 
DRFsubsystem (predecessor) 

DRFsubsystem (replacement) 
TISOccurrenceSubsystem FMEA (replacement) 

wherein: 
TllSoccurrence Subsystem FMEA (Current product) is the rms 
value calculated from the occurrence indicator val 
ues of the FMEA performed for the current product; 

DRF assen (c., to is the DRF Value of the 
Subsystem of the current product that is under Scru 
tiny; and 

TllSoccurrence Subsystem FMEA (Future product) is the rms 
value calculated from the occurrence indicator val 
ues of the FMEA performed for the future product. 

It is possible that a future product may include new 
technologies and/or functions that the current product does 
not include. In this situation, rather than using specific 
FMEA Correlation Parameters calculated for the current 
product, general FMEA Correlation Parameters may be used 
to predict the performance of the new technology for the 
future product. The general FMEA Correlation Parameter 
used to predict performance of the new technology may be 
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6 
extrapolated using FMEA-Correlation Parameters for other 
technologies that do exist within the current product. For 
example, the FMEA Correlation Parameters for existing 
technologies included within the current product may be 
averaged or otherwise manipulated to create a general 
FMEA Correlation Parameter used to predict performance of 
the new technology only available in the future product. 

Warranty costs associated with the introduction of the 
future product into the marketplace may be calculated based 
on the predicted performance. For example, warranty cost 
may be calculated as a function of the predicted DRF of the 
future product and the ranked severity values of the failure 
effects assigned during generation of the future product 
FMEA. It is also contemplated that warranty cost may 
alternatively be calculated based on the predicted DRF of 
the future product and an average repair cost associated with 
the current product. 

Warranty improvement programs based on the predictions 
may be implemented to reduce warranty costs associated 
with the future product prior to production (step 64). For 
example, programs may be initiated based on the predicted 
DPM or DRF values to drive these predicted values to a 
lower acceptable level prior to realization of the predictions. 
The DPM or DRF values may be driven to lower levels by 
implementing analysis, bench testing, field testing, control 
schemes, inspection routines, and/or other such procedures 
and benchmarks to affect the results of the future product 
FMEA and subsequent recalculation of the performance 
prediction. The warranty improvement programs may con 
tinue until the predicted performance measures are less than 
a predetermined acceptable level. 

FIG. 3 illustrates a flow chart 66 depicting another exem 
plary method that utilizes computer system 28 to predict 
performance of a future product. It is contemplated that the 
method illustrated in FIG. 3 may alternatively be imple 
mented manually without the use of computer system 28. As 
indicated in FIG. 3, the first step after start (step 68) of the 
method may include completing an FMEA for a current 
product (step 70). 
As indicated above, the FMEA for the current product 

may be created by listing potential modes of failure for each 
subsystem of the current product and the associated effects 
of the failures. A severity for each failure may then be 
ranked, a list of potential causes of the failure generated, and 
the likelihood of the potential causes occurring ranked. 
Once the potential causes have been ranked according to 

the occurrence indicator, the root mean square (rms) of the 
occurrence values may be calculated (step 72). The rms is 
the square root of the average of the squares of the set of 
occurrence values generated in the FMEA described above. 
The rms may be used to measure a magnitude of the set of 
occurrence values. It is contemplated that additional or 
different calculations may alternatively be performed to the 
occurrence values from the FMEA to indicate the magnitude 
of the set of the occurrence values and/or that the rms may 
be calculated from an FMEA indicator other than occurrence 
Such as, for example, severity. 

Historical data for Subsystems of a past product may be 
manipulated to create information used in the calculation of 
a first set of FMEA Correlation Parameters that relate the 
performance of the past product and the current product. For 
the purposes of this disclosure, the past product may be 
considered a predecessor of the current product. In one 
example, reliability measures such as Dealer Repair Fre 
quency (DRF), quality measures such as Defects Per Million 
(DPM), or other such measures may be accumulated for 
Subsystems of the past product over a predetermined period 
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of time. These measures may then be used along with the 
rms values determined above in step 72 to generate FMEA 
Correlation Parameters according to Eq. 4 below (step 74): 

FMEACorrelation Parameter (Past-Current) = Eq. 4 
DRFsubsystem (Past product) 

rinSoccurrenceSubsystem. FMEA (Currentproduct) DRFProduct (Past product) 

wherein: 

DRF assen (es, to is the DRF of a single Sub 
system of the past product; 
DRF, , is the sum of the DRF values of 

all of the Subsystems of the past product; and 
TllSoccurrence Subsystem FMEA (Current product) is the rms 
value calculated from the occurrence indicator val 
ues of the FMEA performed for the current product. 

It is contemplated that the FMEA Correlation Parameters 
may alternatively be calculated as a different function of 
historical information and FMEA indicators than that 
depicted in Eq. 4 above. 
The FMEA Correlation Parameters calculated from Eq. 4 

above may be functionally-related to the DRF of the current 
product according to Eq. 5 below. 

DRFsubsystem (Past product) = f(FMEACorrelation Parameter Past-Current)) Eq. 5 

wherein: 
FMEAcretario, Aarameter (Aast-Current) is the FMEA Cor 

relation Parameter calculated from Eq. 4 above. 
Trend analysis may be performed on the FMEA Correla 

tion Parameter (step 76) to determine this functional rela 
tionship. In other words, a specific function (f) may be 
determined and the values of parameters for that function 
that cause the FMEA Correlation Parameters to substantially 
equal the DRF. Trend analysis may include, among other 
things, regression analysis, impartial regression analysis, 
Bayesian line fitting, or other statistical line-fitting methods 
known in the art. 
An FMEA for a future product may be completed at any 

time during the first half of the prediction process (step 78). 
For example, the FMEA for the future product may be 
completed before or after any one of steps 70–76. 
Once the potential causes associated with the occurrence 

indicator have been ranked, the rms of the ranked occurrence 
values may be calculated (step 80). It is contemplated that 
additional or different calculations may alternatively be 
performed to the occurrence values from the FMEA to 
indicate the magnitude of the occurrence numbers and/or 
that the rms may be calculated from an FMEA indicator 
other than occurrence Such as, for example, severity. 

Historical data for subsystems of the current product may 
be manipulated to create information used in the calculation 
of a second set of FMEA Correlation Parameters that relate 
the performance of the current product and the future 
product. Similar to the first set of FMEA Correlation Param 
eters, reliability measures such as Dealer Repair Frequency 
(DRF), quality measures such as Defects Per Million 
(DPM), or other such measures may be accumulated for 
subsystems of the current product over a predetermined 
period of time. These measures may then be used along with 
the rms values determined above in step 80 to generate 
FMEA Correlation Parameters according to Eq. 6 below 
(step 82): 
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FMEA.Correlation Parameter (Current-Future) = 
DRFsubsystem (Current product) 

TISOccurrenceSubsystem FMEA (Future product) DRFProduct (Current product) 

wherein: 

DRFsubsisten (current product) is the DRF of a single 
Subsystem of the current product; 
DRF, (c., is the sum of the DRF values 

of all of the subsystems of the current product; and 
TllSoccurrence Subsystem FMEA (Future product) is the rms 
value calculated from the occurrence indicator val 
ues of the FMEA performed for the future product. 

It is contemplated that the FMEA Correlation Parameters 
may alternatively be calculated as a different function of 
historical information and FMEA indicators than that 
depicted in Eq. 6 above. 
Once the second set of FMEA Correlation Parameters 

have been calculated, the performance of the future product 
may be predicted. Specifically, the particular function “f” 
determined through step 76 may be applied to the FMEA 
correlation parameters calculated during step 82 according 
to Eq. 7 below to generate predictions for subsystems of the 
future product (step 83): 

DRFsubsystem (Future product) Eq. 7 

f(FMEA.Correlation Parameter (Current-Future)) 

wherein: 
FMEAccretario, Parameter (Current-Future) is the FMEA 

Correlation Parameter calculated from Eq. 6 above. 
As described above with respect to the method of FIG. 1, 

it is possible that a future product may include new tech 
nologies and/or functions that the current product does not 
include. In this situation, rather than using specific FMEA 
Correlation Parameters, general FMEA Correlation Param 
eters may be used in the method of FIG. 3 to predict the 
performance of the new technology for the future product. 
The general FMEA Correlation Parameter used to predict 
performance of the new technology may be extrapolated 
using FMEA Correlation Parameters for other technologies 
that do exist within the current product. 

Warranty costs associated with the introduction of the 
future product into the marketplace may be calculated based 
on the performance predicted through the method of FIG. 3. 
For example, warranty cost may be calculated as a function 
of the predicted DRF of the future product and the ranked 
severity values of the failure effects assigned during gen 
eration of the future product FMEA. It is also contemplated 
that warranty cost may alternatively be calculated based on 
the predicted DRF of the future product and an average 
repair cost associated with the current product. 

Warranty improvement programs based on the perfor 
mance prediction predicted through the method of FIG. 3 
may be implemented to reduce warranty costs associated 
with the future product prior to production (step 84). For 
example, programs may be initiated based on the predicted 
DPM or DRF values to drive these predicted values to a 
lower acceptable level prior to realization of the predictions. 
The DPM or DRF values may be driven to lower levels by 
implementing analysis, bench testing, field testing, control 
schemes, inspection routines, and/or other such procedures 
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and benchmarks to affect the results of the future product 
FMEA and subsequent recalculation of the performance 
prediction. The warranty improvement programs may con 
tinue until the predicted performance measures are less than 
a predetermined acceptable level. 

INDUSTRIAL APPLICABILITY 

The disclosed methods and systems may provide ways to 
predict performance of a future product before production or 
introduction of the product into the marketplace. The dis 
closed methods and systems may utilize historical data and 
Failure Modes and Effects Analysis indicators of multiple 
generations of products to predict quality and/or reliability 
measures such as Defects Per Million and Dealer Repair 
Frequency. General examples of implementing the disclosed 
methods to predict Dealer Repair Frequency of a subsystem 
for a future product are described below in conjunction with 
sample prediction tables, Table 1 and Table 2. It is under 
stood that the type and number of products and Subsystems 
illustrated in the tables and described below are exemplary 
only and not intended to be limiting. 
As indicated in Table 1 below, the exemplary current and 

future products are engines, each having two Subsystems. 
The Subsystems include a turbocharger and a water pump, 
each having two associated failure modes generically 
labeled as failure mode 1 and failure mode 2. It is understood 
that the current and future products may include more or less 
than two Subsystems, that the current and future products 
may have an unequal number of subsystems, that the current 
and future products may have different Subsystems, that each 
Subsystem may have more or less than two failure modes, 
that the Subsystems may have an unequal number of failure 
modes, and/or that the subsystems may have different failure 
modes. 

TABLE 1. 

Actual 
Occurrence DRF 
Ranking 

Failure 
Product Subsystem Mode S 

2.236 OO1 Current 
Engine 

Turbocharger 

3.809 OO3 Water Pump 

Future 2 NA 
Engine 

Turbocharger 

Water Pump 2.915 NA 

As previously described, the first step after start (step 48) 
of the method illustrated in flowchart 46 of FIG. 1 includes 

completing an FMEA for the current engine (step 50) to rank 
occurrence values for each of the failure modes of the 

current engine. Similarly, an FMEA for the future engine 
may be performed before, after, or simultaneous to the 
FMEA performed for the current engine to rank occurrence 
values for each of the failure modes of the future engine 
(step 58). As illustrated in Table 1 above, the occurrence 
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values for the turbocharger and water pump failure modes of as 
the exemplary current engine were ranked as 1 and 3, and 2 
and 5 respectively. The occurrence values for the turbo 

10 
charger and water pump failure modes of the exemplary 
future engine were ranked as 2 and 2, and 1 and 4, respec 
tively. After ranking the likelihood that the causes of the 
failure modes will occur, rms values were calculated from 
the occurrence rank values (step 52) as 2.236 and 3.809 for 
the current engine, and 2 and 2.915 for the future engine 
(steps 52, 60). 

Following the rms calculation, FMEA Correlation Param 
eters were calculated according to Eq. 1 (step 54). In the 
above example, the FMEA Correlation Parameters were 
found to be 0.559 and 0.952. Following the calculation of 
the FMEA Correlation Parameters, regression analysis may 
be performed to provide an indication of the accuracy of the 
FMEA Correlation Parameters and to provide offset values 
for the FMEA Correlation Parameters, if necessary and/or 
desired (step 56). For purposes of simplicity, this step has 
been omitted from the current example. 

After calculation of the FMEA Correlation Parameters 
and any offsetting that may have been required or desired, 
the FMEA Correlation Parameters were used to predict DRF 
for the Subsystems of the future engine. In particular, Eq. 2 
was used to calculate the DRF for the turbocharger and for 
the water pump as 0.001 (step 62). 
Once the performance prediction for the future engine has 

been completed, additional tasks associated with the perfor 
mance data may be initiated. The additional tasks may 
include the implementation of warranty improvement pro 
grams such as, for example, validation planning (step 64). It 
may also be helpful to convert the performance prediction 
data into warranty costs by factoring in the severity rankings 
from the FMEAS or the average cost of repair from the 
historical data associated with the current engine. 
As indicated in the example of Table 2 below, the exem 

plary past, current, and future products are engines, each 

FMEA Predicted 
Correlation DRF 
Parameter Subsystem 

NA NA 

NA NA 

.559 OO1 

952 OO1 

having two Subsystems. The Subsystems include a turbo 
charger and a water pump, each having two associated 
failure modes generically labeled as failure mode 1 and 
failure mode 2. It is understood that the past, current, and 
future products may include more or less than two Sub 
systems, that the past, current, and future products may have 
an unequal number of Subsystems, that the past, current, and 
future products may have different subsystems, that each 
Subsystem may have more or less than two failure modes, 
that the Subsystems may have an unequal number of failure 
modes, and/or that the subsystems may have different failure 
modes. 
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TABLE 2 

Actual Actual 
Failure Occurrence DRF DRF 

Product Subsystem Mode Ranking rms Subsystem Product 

Past Turbocharger NA NA NA OO3 OO7 
Engine NA NA 

Water Pump NA NA NA OOS 
NA NA 

Current Turbocharger 1 1 2.236 OO1 OO)4 
Engine 2 3 

Water Pump 1 2 3.809 OO3 
2 5 

Future Turbocharger 1 2 2 NA NA 
Engine 2 2 

Water Pump 1 1 2.915 NA 
2 4 

As previously described, the first step after start (step 68) 
of the method illustrated flowchart 66 of FIG. 3 includes 
completing an FMEA for the current engine (step 70) to rank 
occurrence values for each of the failure modes of the 
current engine. Similarly, an FMEA for the future engine 
may be performed before, after, or simultaneous to the 
FMEA performed for the current engine to rank occurrence 
values for each of the failure modes of the future engine 
(step 78). As illustrated in Table 2 above, the occurrence 
values for the turbocharger and water pump failure modes of 
the exemplary current engine were ranked as 1 and 3, and 2 
and 5 respectively. The occurrence values for the turbo 
charger and water pump failure modes of the exemplary 
future engine were ranked as 2 and 2, and 1 and 4, respec 
tively. After ranking the likelihood that the causes of the 
failure modes will occur, rms values were calculated from 
the occurrence rank values (step 72) as 2.236 and 3.809 for 
the current engine and 2 and 2.915 for the future engine 
(steps 72, 80). 

Following the rms calculation, the first set of FMEA 
Correlation Parameters were calculated from Eq. 4 (step 74) 
to relate the performance of the past product and the current 
product. In the above example, the first set of FMEA 
Correlation Parameters were found to be 0.958 and 2.721. 
Following the calculation of the first set of FMEA Correla 
tion Parameters, regression analysis may be performed to 
determine the function utilized in Eq. 5 to relate the first set 
of FMEA Correlation Parameters calculated from Eq. 4 and 
the DRF values obtained for the past product from historical 
data (step 76). For purposes of simplicity, this step has been 
omitted from the current example and a generic function “f” 
is illustrated in Table 2. 

After determining the function “f” that relates the first set 
of FMEA Correlation Parameters to the DRF of the past 
product, the second set of FMEA Correlation Parameters 
were calculated according to Eq. 6 from the rms values of 
the future engine and the DRF values obtained for the 
current engine (step 82). In the above example, the second 
set of FMEA Correlation Parameters were found to be 0.500 
and 2.186. 

Following the calculation of the second set of FMEA 
Correlation Parameters, the previously determined function 
f may be applied to the second set of FMEA Correlation 
Parameters to predict the performance of the future engine. 
In particular, Eq. 7 was used to predict the DRF for the 
turbocharger as f (0.500), and for the water pump as if 
(2.186) (step 83). 
Once the performance prediction for the future engine has 

been completed, additional tasks associated with the perfor 
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FMEA Predicted 
Correlation DRF 
Parameter Subsystem 

NA NA 

NA NA 

958 NA 

2.721 NA 

SOO if (.500) 

2186 if (2.186) 

mance data may be initiated. The additional tasks may 
include the implementation of warranty improvement pro 
grams such as, for example, validation planning (step 84). It 
may also be helpful to convert the performance prediction 
data into warranty costs by factoring in the severity rankings 
from the FMEAS or the average cost of repair from the 
historical data associated with the current engine. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the methods and 
systems of the present disclosure. Other embodiments of the 
methods and systems will be apparent to those skilled in the 
art from consideration of the specification and practice of the 
methods and systems disclosed herein. It is intended that the 
specification and examples be considered as exemplary only, 
with a true scope of the disclosure being indicated by the 
following claims and their equivalents. 
What is claimed is: 
1. A method for predicting performance of a future 

product, the method comprising: 
generating historical data for at least one product; 
generating a Failure Mode and Effects Analysis (FMEA) 

for the at least one product; 
determining a relationship between an FMEA indicator of 

the FMEA generated for the at least one product and the 
historical data for the at least one product; 

generating an FMEA for the future product; 
applying the determined relationship to the FMEA indi 

cator from the FMEA generated for the future product 
to predict performance of the future product corre 
sponding to the historical data; and 

storing an indicator of the predicted performance of the 
future product. 

2. The method of claim 1, wherein the at least one product 
includes a first product that is currently available to the 
marketplace. 

3. The method of claim 2, wherein the at least one product 
further includes a second product that is a predecessor to the 
first product. 

4. The method of claim 1, wherein the historical data 
includes Dealer Repair Frequency. 

5. The method of claim 1, wherein the historical data 
includes Defects Per Million. 

6. The method of claim 1, wherein the FMEAS are Design 
FMEAS. 

7. The method of claim 6, wherein the performance 
includes reliability. 

8. The method of claim 1, wherein the FMEAS are Process 
FMEAS. 
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9. The method of claim 8, wherein the performance 
includes quality. 

10. The method of claim 1, wherein the FMEA indicator 
is an occurrence value. 

11. The method of claim 1, further including applying a 
severity value from the FMEA generated for the future 
product to the performance predicted for the future product 
to predict a warranty cost associated with implementation of 
the future product. 

12. The method of claim 1, further including applying an 
average cost per warranty claim for the at least one product 
to the performance predicted for the future product to predict 
a warranty cost associated with implementation of the future 
product. 

13. The method of claim 12, wherein: 
determining a relationship includes determining a rela 

tionship between the root mean square of the occur 
rence value of the FMEA generated for the at least one 
product and the historical data for the at least one 
product; and 

applying the determined relationship includes applying 
the determined relationship to the root mean square of 
the occurrence value from the FMEA generated for the 
future product. 

14. The method of claim 1, further including generating a 
warranty program based on the predicted performance for 
the future product. 

15. A computer system, comprising: 
a console; 
at least one input device; and 
a central processing unit configured to: 

receive historical data for at least one product; 
receive a completed Failure Mode and Effects Analysis 
(FMEA) for the at least one product; 

determine a relationship between an FMEA indicator of 
the FMEA generated for the at least one product and 
the historical data for the at least one product; 

receive a completed FMEA for a future product; 
apply the determined relationship to the FMEA indi 

cator from the FMEA generated for the future prod 
uct to predict performance for the future product; and 

store an indicator of the predicted performance of the 
future product. 

16. The computer system of claim 15, wherein the at least 
one product includes a first product that is currently avail 
able to the marketplace. 

17. The method of claim 16, wherein the at least one 
product further includes a second product that is a prede 
cessor to the first product. 

18. The computer system of claim 15, wherein the his 
torical data includes Dealer Repair Frequency. 

19. The computer system of claim 15, wherein the his 
torical data includes Defects Per Million. 

20. The computer system of claim 15, wherein the 
FMEAS are Design FMEA. 

21. The computer system of claim 20, wherein the per 
formance includes reliability. 

22. The computer system of claim 15, wherein the 
FMEAS are Process FMEAS. 

23. The computer system of claim 22, wherein the per 
formance includes quality. 

24. The computer system of claim 15, wherein the FMEA 
indicator is an occurrence value. 

25. The computer system of claim 24, wherein the central 
processing unit is further configured to apply a severity 
value from the FMEA generated for the future product to the 
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performance predicted for the future product to predict a 
warranty cost associated with implementation of the future 
product. 

26. The computer system of claim 24, wherein the central 
processing unit is further configured to apply an average cost 
per warranty claim for the at least one product to the 
performance predicted for the future product to predict a 
warranty cost associated with implementation of the future 
product. 

27. The computer system of claim 15, wherein the central 
processing unit is further configured to generate a validation 
plan based on the predicted performance for the future 
product. 

28. The computer system of claim 15, further including at 
least one database, wherein the central processing unit is 
further configured to retrieve the historical data for the at 
least one product from the at least one data base. 

29. A computer readable medium for use on a computer 
system, the computer readable medium having computer 
executable instructions for performing a method compris 
ing: 

receiving historical data for at least one product; 
receiving a Failure Mode and Effects Analysis (FMEA) 

for the at least one product; 
determining a relationship between an FMEA indicator of 

the FMEA generated for the at least one product and the 
historical data for the at least one product; 

receiving an FMEA for a future product; 
applying the determined relationship to the FMEA indi 

cator from the FMEA generated for the future product 
to predict performance for the future product; and 

storing an indicator of the predicted performance of the 
future product. 

30. The computer readable medium of claim 29, wherein 
the at least one product includes a first product that is 
currently available to the marketplace. 

31. The computer readable medium of claim 29, wherein 
the at least one product further includes a second product 
that is a predecessor to the first product. 

32. The computer readable medium of claim 29, wherein 
the historical data includes Dealer Repair Frequency. 

33. The computer readable medium of claim 29, wherein 
the historical data includes Defects Per Million. 

34. The computer readable medium of claim 29, wherein 
the FMEAS are Design FMEA. 

35. The computer readable medium of claim 34, wherein 
the performance includes reliability. 

36. The computer readable medium of claim 29, wherein 
the FMEAS are Process FMEAS. 

37. The computer readable medium of claim 36, wherein 
the performance includes quality. 

38. The computer readable medium of claim 29, wherein 
the FMEA indicator is an occurrence value. 

39. The computer readable medium of claim 29, wherein 
the method further includes applying a severity value from 
the FMEA generated for the future product to the perfor 
mance predicted for the future product to predict a warranty 
cost associated with the implementation of the future prod 
uct. 

40. The computer readable medium of claim 29, wherein 
the method further includes applying an average cost per 
warranty claim for the at least one product to the perfor 
mance predicted for the future product to predict a warranty 
cost associated with the implementation of the future prod 
uct. 
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41. The computer readable medium of claim 29, wherein: the occurrence value from the FMEA generated for the 
determining a relationship includes determining a rela- future product. 

tionship between the root mean square of the occur- 42. The computer readable medium of claim 29, wherein 
rence value of the FMEA generated for the at least one 
product and the historical data for the at least one 5 the method further includes generating a validation plan 
product; and based on the predicted performance for the future product. 

applying the determined relationship includes applying 
the determined relationship to the root mean square of k . . . . 


